Sulfurization of Si02 surface for polycrystalline silicon growth on Si02/Si structure at 250 "C A study of sulfurizing SiOZ surfaces for the growth of Si/SiOZ/Si structures was done in the present work. The silicon film was deposited at 250 "C by plasma enhanced chemical vapor deposition. All of the deposited Si films with or without sulfur treatment were of amorphous phases with a H,/(SiH,+Hz) flow ratio less than 92%. For those films deposited at the H,/(SiH,+H,) flow ratio of 92%, a transition amorphous Si layer appeared between the SiO, and polycrystalline silicon films in those samples without sulfur treatment. No transition amorphous Si layer was present in the sample deposited with sulfur treatment, and the largest grain-size of polycrystalline silicon was estimated to be around 500 A. The polycrystalline phase was obtained in all the silicon films deposited on SiO,/Si substrate with a H,/(SiH,+HJ flow ratio larger than 92%. This technique would be applicable towards thin film transistor fabrication.
Amorphous-Si (a-Si) thin film transistors (TFT's) using low-temperature processes are currently applied towards addressing circuits of liquid crystal display (LCD). Because of the low mobility and on-current, a-Si TFT's are replaced by polycrystalline Si (poly-Si) TIT's in driving circuits of LCDs. The a-Si films are mainly deposited by plasma en-,hanced chemical vapor deposition (PECVD). The poly-Si films are mainly deposited by (1) low pressure chemical vapor deposition (LPCVD),' (2) recrystallization of a-Si films by thermal annealing,' and (3) recrystallization of a-Si films by excimer laser annealing.3-" The temperatures adopted in methods (1) and (2) are higher than 580 "C, while the deposition temperature of conventional a-Si processes is typically 200-300 "C. The higher temperature would prohibit the integration of both a-Si and polySi TFT's on the same glass substrate. Additionally, preparing large area poly-Si films by laser annealing method might possibly not be economically feasible. Low-temperature deposition of poly-Si films consequently becomes desirable for the integration of a-Si and polySi TFT's. Sulfide passivation has become a common practice in III-V semiconductor surfaces.6 Passivating the SiO, surface by sulfurization in order to deposit poly-Si films on SiOa is attempted 'for the first time in this work. Low-temperature (300 "C) poly-Si growth has been previously reported using PECVD with a gas mixture of SiF4/SiH&12.7 Microcrystalling silicon films have been deposited by diluted-hydrogen methodgr9 and the hydrogen-atom-treatment method.'0-12 The nucleation of Si on oxide is the primary issue involved in growing a high quality Si-epitaxial layer on oxide substrates. Studies of poly-Si growth at 250 "C on a passivated-SiOa surface were done using the sulfurization method. These poly-Si growth have employed various gas flow ratios of SiH, to Ha. The phase and grain size were examined by cross-section transmission electron microscopy (XTEM) .
The SiOs films were deposited on p-type, 2-5 fi cm, (lOO)-oriented Si wafers in a plasma enhanced chemical vapor deposition system at a substrate temperature of 300 "C. The refractive index of SiO, films was identified by ellipsometry to be 1.46. Sulfur treatments of SiO, surface was described in the following. The sample was ultrasonically cleaned in TCE and ACE solutions for 10 min, and rinsed in de-ionized (DI) water. The sample was then next heated in (NH&S and/or (NH&S, solutions at 40-50 "C for 40 min. DI water rinse and N2 blowing dry were finally employed.
The growth conditions of poly-Si films are described in Table I . The substrate temperature (T,) was fixed at 250 "C. The plasma power was fixed at 10 W. The H,/(SiH,+H,> flow ratio was varied from 67% to 98%.
With a HJ(SiH,+HJ flow ratio less than 92%, all of the Si films deposited on (NH&S-treated SiO, (NH&&-treated SiO, and non-sulfur-treated (NST) SiO, were of amorphous phases. The typical XTEM photograph of a-Si film on SiO, is shown in Fig. 1 . This silicon film was deposited on NST SiO, with a H,/(SiH,+HJ flow ratio of 90%. The total silicon thickness was 2000 A and the growth rate of a-Si was 50 Al min.
A significant discrepancy between the films deposited on sulfur treated (ST)SiO, and NST SiO, appeared once the H,/(SiHH4+H2> flow ratio reached 92%. For the silicon film deposited on NST SiO,, the upper part of the Si film was polycrystalline and the lower part was amorphous. A transi- tion amorphous Si layer is demonstrated in Fig. 2(a) to be between the SiOs and poly-Si films. The interface boundary between the a-Si film and the poly-Si film as-revealed from the XTEM dark field image is not a straight line. The thickness of the a-Si film was measured to be between 620 and 1000 A and the greatest thickness of polySi film was 750 A. The average growth rate of Si (including a-Si and poly-Si) was 34. and 2(c) was about 1300 A. The rain sizes of poly-Si were estimated to be among 200-500 1 and obviously larger than those of the sample deposited without sulfur treatment. The growth rate of the poly-Si film was 32.5 &mm. This is slightly less than that shown in Fig. 2(a) .
Increasing the flow ratio of H&SiH,+H.J, the polycrystalline phase appeared in all the silicon films deposited on SiO,/Si substrate with or without sulfurizing the SiOZ surface. The Si films deposited with a Hz/(SiHH,+Hz) flow ratio of 95% were all of poly-Si phase with a thickness of around 1000 A, regardless of being with or without sulfurization. The growth rate of the poly-Si films was around 25 &mm. Some grains extending from bottom to top of the poly-Si layer were observed from the XTEM dark field images. This would suggest that these grains could be enlarged by increasing the thickness of the poly-Si films. Further increasing the HJ(SiH,+H.J flow ratio, Si-films deposited on ST SiO, or NST SiOZ -were approximately the same. Polycrystalline Si films were grown but the growth rate was further reduced. With a Hd (SiH,+H,) flow ratio of 98%, poly-Si film was grown at a growth rate of 14 &min having a thickness of 560 A.
Si(s)+nH*(g)+SiH,*(g),
where * is the reactive radical. An insufficient amount of hydrogen atoms would cause the reaction to occur in the reverse direction. Restated, the weak Si-Si bonds cannot be effectively removed and the silicon network would not attain long range order. The amorphous silicon phase is then consequently obtained. Poly-Si films could be observed from the above results A forward reaction in Eq. (1) would be favored to occur to have not been deposited at 250 "C with a H&SiH,+H.J flow ratio less than 92%. The primary reason for this would with a high H,(SiHH4+H2> flow ratio. With a HJ(Siq+H,) flow ratio higher than 92%, the weak Si-Si bonds are rebe that a large amount of hydrogen atoms are required to moved effectively, and the "etching" effect of hydrogen at-oms dominates the silicon deposition, which causes no obvious discrepancy between the films grown on ST SiOZ or NST SiOz. Once a 92% Hz/(SiH,+H;?) flow ratio is reached, for samples without sulftirization, the silicon film deposited on SiO$i structure would be of amorphous phase during the initial stage. The "etching" effects of hydrogen atoms would then become more evident, causing transition from amorphous phase to polycrystalline phase. For films with the sulfur treatments, silicon atoms are nucleated on SiOZ immediately once they have arrived at the SiOZ surface. The primary reason is that sulfur treatment of SiO, might effectively compensate for the voids on the SiO, surface. Without sulfur treatment, many dangling bonds and voids are located on top of the SiO, layer. The Si atoms are immediately trapped right once they have arrived at the Si02 surface. Not enough time is available for Si atoms to reach the position of thermal equilibrium. The subsequent Si atoms easily adhere to the former ones trapped by voids and dangling bonds on the SiO, surface, so that amorphous silicon film subsequently formed. The SiOZ surface is more inert for Si atoms to adhere in light of the dangling bonds and voids being compensated for Si atoms have a longer time to reach the site suitable for crystalline phase network formation prior to being trapped. The orientation of silicon nucleation is random, causing the formation of polycrystalline silicon films.
A transition amorphous layer was present in the film deposited without the sulfur treatment but not in those with the sulfur treatment. This is due to (a) silicon atoms have become nucleated following their arrival at the SiO, surface for those films deposited with sulfur treatment, and also (b) the "etching" effect of hydrogen dilution dominates immediately after the silicon atoms are nucleated. This would consequently enable the grains of poly-Si to grow. For those silicon films deposited on SiO, surface without sulfurization, the "etching? effect of hydrogen atoms dominates after some amorphous Si films have been formed, causing polySi film to grow on an amorphous layer.
The method of low-temperature (250 "C) polycrystalline silicon deposition with sulfurization was developed for the first time in the present work. The influence of sulfurization has become quite distinct once the H.&SiH,+H2) flow ratio reached 92%, in which the grain sizes of poly-Si were estimated to be among 200-500 A. They are obviously larger than those of the sample deposited without sulfur treatment. The method developed in this present work would integrate the addressing circuits and driving circuits of LCD's on the same glass substrate.
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